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Abstract 
It is rewarding to understand the actuality of wind resources to increase utilization ratio because the using of wind 
resources plays an important role in developing of offshore resources in Jin-Jing-Ji region. It is significative for 
effective resources utilization to promote the progress of region economy, environment protection, tourism and local 
eco-development. There are abundant wind resources in Caofeidian region which is typical as the wind region 
according to the weather statistic year by year. The wind energy density is above 140W/m2. The total of the hours is 
between 4800 and 5600 when the wind speed is above 3m/s.The wind resources of the Caofeidian wind field were 
analyzed and appraised according to the testing weather parameter from weather station of Caofeidian, the tower of 
the winds and neighboring two weather stations. The mean wind speed, mean wind power density, hours of wind 
speed, the annual and representative daily variation of wind speed and wind power density were analysised. The wind 
direction rose map and wind energy rose from Jul. 2007 to Jun. 2008 in wind farm of Caofeidian were made. The 
10min maximal wind speed was calculated at 10m high hub. The wind power density reaches Grade 2 on 
GB/T18710-2002 for a wind power plant, which belongs to IEC C. The wind resources are relatively abundant in Ⅲ
Caofeidian. These study results on the wind direction and power can be used as a reference for the city planning and 
building community distributing in Jin-Jing-Ji region. 
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1. Introduction 
Wind energy [1] is a clean renewable energy which is translated by solar energy. According to 
preliminary estimates, the available total reserves of wind energy at 10m is about 253 million kW, while 
the offshore wind energy resources in China is about three times as much as the land. Therefore, it will 
optimize energy use and improve the utilization of renewable resources in order to achieve sustainable 
energy development requirements, which is currently an important energy-saving element and direction. 
Caofeidian is located in the southern of Tangshan, Hebei Province, at the West Bank of Bohai Bay, 
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between Tianjin and Jing-tang harbor. It is significant and leads the way to scientific development pattern 
in Jin-Jing-Ji region. It is with relatively abundant wind energy along the 50 km coastline. It plays great 
significance to renewable energy efficiency, environmental protection, tourism, landscape and regional 
eco-development in Caofeidian area by detailed survey and evaluation and analysis to carry out of wind 
energy resources research and establishing wind energy utilization demonstration project. 
2. An overview of wind energy resources 
The information included wind speed and wind direction measured at 10m, 40m and 70m for 16 
months with 70m wind tower in Caofeidian, the monthly average wind speed and wind direction measured 
during 2007 ~ 2008 in Caofeidian weather station, the monthly average wind speed and wind direction data 
measured in letting weather station during 2007 ~ 2008 and Tanghai weather station during 2005 ~ 2008 
where the both are closed to Caofeidian. Comparison of all the wind direction rose map and monthly 
average wind speed changes calendar year, taking into account the relative location of all weather stations, 
the conclusion was that the wind speed and wind direction was representative for building wind farm. The 
average wind speed was 4.38m / s measured from Jul. 2007 to Jun. 2008 with 10m wind tower, while the 
annual average wind speed was 4.4m / s in Caofeidian weather station. The average wind speed was 
confirmed as 4.4m / s because there was little discrepancy to average wind speed which was 4.38m / s. It 
was not necessary to further amend the wind data. Therefore the measured wind resource data from Jul. 
2007 to Jun. 2008 was adopted for statistical computing. Wind direction rose map from Jul. 2007 to Jun. 
2008 from weather station of Caofeidian was shown in Figure 1. The monthly average wind speed changes 
calendar year at 10m in weather stations and the wind tower was shown in Figure 2. 
3. Measured data analysis  
In July 2007, the National Power Xingcheng wind power company set up the 70m wind tower in 2874 
near Caofeidian dam, and then the wind data for 16 months was got from Jul. 2007 to Oct. 2008.  The 
testing statistics and calculated data from Jul. 2007 to Jun. 2008 in the tower of the winds were shown in 
Table 1. The wind data was measured at 10m but calculated at 40m and 70m. The annual minimum 
temperature was -12.1  in Caofeidian and ℃ -19.6  in Hangu salt field weather station. The wind turbine ℃
will not be affected by low temperature. 
According to Wind field wind energy resource assessment methodologies, the wind data statistics to 
wind tower were from Jul. 7, 2007 to Oct. 29, 2008. The data record was 100%, without missing data. 
Excluding invalid data, there was a good correlation in wind speed between different levels according to 
relationship [2] analysis. It met the requirements of Wind field wind energy resource assessment 
methodologies by the analysis and reasoning. The wind data at 40m and 70m were calculated by 
calculating corresponding wind shear index in different levels based on recent measured data in Caofeidian 
weather station. 
4. Wind resource assessments 
4.1 Wind field air density 
The air density formula is as in (1): 
)/( 3mkg
RT
P=ρ
                                                                                                       (1) 
838  Yang Hua et al. / Procedia Environmental Sciences 11 (2011) 836 – 842
Author name / Procedia Environmental Sciences 00 (2011) 000–000 
 
where P is the mean value of average atmospheric pressure (875.4hPa) and R is the mean value of gas 
constant (287J/kg • K), T is the mean value of average air Kelvin absolute temperature (12.1 +273 = 
285.1K) and ρ is1.0689kg/m3.As the temperature and pressure was recorded less than one year at the 
analysis stage, so the pressure and temperature data was adopted in Hangu salt field weather station.  
4.2 Wind shear index 
Wind shear index was got from the wind shear power-law equation [3] as in (2): 
)/ln(
)/ln(
12
12
zz
vv=α
                                                                                                              (2) 
Based on the above statistical results, the wind speed gradually increased with increasing height, but 
the growth rate gradually decreased. It was consistent with the variation of wind speed. α  is the mean wind shear index with the ground roughness-related and v2 is the mean value of 
measured wind speed at z2, m / s, v1 is the mean value of measured wind speed at z1, m / s. 
Wind shear index at different height in the wind tower was shown in table 2. 
4.3 Wind energy and Wind power density 
In order to evaluate the wind energy potential of a region, the wind power density is the most 
convenient and valuable volume. According to Wind field wind energy resource assessment methodologies, 
the expression of the average wind power density in the set time was shown as in (3): 
∑
=
=
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                                                                                                              (3) 
W is the mean value of average wind power density (W/m2) and ρ is the mean value of air density 
(kg/m3), n is the number of records during the set time. The average wind power density was the mean 
calculation value during the set time. ρ must be the local annual average air density value, which depended 
on the temperature and pressure. 
      The expression of wind energy power is shown as in (4): 
3
2
1 svp ρ=
                                                                                                                    (4)  
the p is the mean energy power (W) and ρ is the mean density of air( kg/m3), S is the mean sweep area 
of week rotating fans blades (m2) and v is the mean value of wind speed (m / s).During the calculation, the 
most important factor is the wind speed. It may play a decisive role to estimate the value of wind energy. 
The wind energy rose was shown in Figure 3. 
4.4 Wind energy and Wind power density 
The statistics of wind energy parameters at 10m, 40m and 70m were shown in Table 3. According to 
Wind field wind energy resource assessment methodologies, the grade of wind power density was 2 W/m2. 
The wind energy resource is better and it is valuable to exploit.  
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4.5 The annual changes and typical diurnal variation of wind     
The annual changes of wind speed and wind power density [4] at 10m, 40m and 70m were shown from 
Figure 4. The seasonal variation of wind speed and wind power density was obvious, the changes role were 
basically same. The value was bigger during winner and spring, especially from March to May. It would be 
biggest during April. While the value was smaller during summer and autumn, and it would reach a 
minimum during August and September. 
The typical diurnal variation of wind speed and wind power density at 10m, 40m and 70m were shown 
from Figure 5. The changes were mild and the changes role was similar. The value of wind speed and wind 
power density reached largest from 7 am to 9 am, and then was 1am and 1pm. Others were smaller. 
5. Wind field zone 
5.1 The 10min average maximum wind speed once in 50 years at hub height 
In order to confirm the wind zone grade of proposed wind farm to choose appropriate fan，the 10min 
average maximum wind speed once in 50 years at hub height should be studied first according to 
GB1845.1-2001 and wind zone divisiory standard. The measured maximum wind speed is 27.5m/s, and the 
calculated maximum wind speed was 25.3m/s by conversing the value from basis wind pressure plan. For 
the design security and the location of proposed wind farm, the 10min average maximum wind speed once 
in 50 years at 10m should be 27.5m / s. The 10min average maximum wind speed once in 50 years at 40m 
should be 33.5 m / s and at 70m should be 36.3 m / s by conversion. 
5.2 Overfall intensity 
The expression of 10min overfall intensity was shown as in (5). 
V
IT
σ=
                                                                                                                       (5) 
IT is the mean overfall intensity and σ is the mean 10min wind speed standard deviation (m/s), V is the 
mean value of 10min average wind speed (m/s).According to the wind data in Luannan wind tower, 
overfall intensity was 0.11 where was higher than 15 m. the total average overfall intensity was 0.13. 
According to the data analysis, the overall overfall intensity in the region is relatively small. To sum up, the 
overfall intensity was below 0.10, according to the 10min average maximum wind speed once in 50 years 
and Wind field wind energy resource assessment methodologies and IEC standards, wind farm was 
determined to IECⅢC wind zone. The statistics of wind zone grade were shown in Table 4. 
6. Conclusion 
The wind energy is rich in Caofeidian, wind energy density is above 140W/m2, and the cumulative 
hours were between 4800 and 5600 hours when wind speed was larger than 3m / s according to weather 
data. The wind energy resource is relatively abundant. 
The wind data was shown in Table 5. According to Wind field wind energy resource assessment 
methodologies, the grade of wind power density was 2. The wind energy resource is better and it is 
valuable to exploit.  
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These study results on the wind direction and power can be used as a reference for the city planning 
and building community distributing in Jin-Jing-Ji region.  
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Figure 1. Wind direction rose map from Jul. 2007 to Jun. 2008 from weather station of Caofeidian 
 
 
 
 
 
 
 
 
 
 
Figure 2. The monthly average wind speed changes calendar year at 10m in weather stations and the wind tower  
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Figure 3. Wind energy rose from Jul. 2007 to Jun. 2008 in wind farm of Caofeidian 
   
 
 
 
 
 
 
 
 
a)                                                    b)                                                        c) 
Figure 4. Annual variation of wind power density and speed. a)10m, b) 40m, c) 70m. 
 
 
 
 
 
 
 
 
d)                                                       e)                                                             f) 
Figure 5. Annual variation of wind power density and speed. d)10m, e) 40m, f) 70m.. 
Table1.the testing statistics and calculated data from  jul. 2007 to jun. 2008 in the tower of the winds  
Height 
(m) 
Average wind 
speed (m/s) 
10min max wind 
speed (m/s) 
Instantaneous max 
wind speed (m/s) 
Average 
temperate ( )℃  
Average 
pressure(hPa) 
10m 4.4 16.2 27.5 12.12 875.42 
40m 5.9 20.7 35.1   
70m 6.8 27.5 46.8   
Table 2. wind shear index at different height in the wind tower  
Height (m) Annual average wind speed (m/s) 40m 70m 
10 4.4 0.175327 0.27285 
40 5.9  0.207 
70 6.8   
Table3. The statistics of wind energy parameters in different height 
Height 
(m) 
System Average wind speed (m/s) 
Average wind power density 
ρ=1.0698(W/m2) 
10 all year 4.4 45.6
4.0m/s≤v≤25.0m/s 6.1 121.4 
40 
all year 5.9 109.9 
4.0m/s≤v≤25.0m/s 7.5 225.7 
70 
all year 6.8 168.2 
4.0m/s≤v≤25.0m/s 10.3 584.5 
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Table 4. The statistics of wind zone grade  
Height
（m） 
Annul average wind 
speed（m/s） 
Design wind speed
（m/s） 
Overfall 
intensity 
40 5.59 33.5 <0.10 
70 6.43 36.3 <0.10 
IECⅡC — 42.5 0.12 
IECⅢC — 37.5 0.12 
Table 5. Wind data in wind farm 
Height Average wind speed Average wind power density
Wind power density 
(annual effective wind speed 4 ~ 25m / s) 
10m 4.38 m/s 45.6 W/m2 121.4 W/m2 
40m 5.9m/s 109.9 W/m2 225.7 W/m2 
70m 6.8m/s 168.2 W/m2 584.5 W/m2 
 
